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Self-selected Duty Cycle Times for Grip Force, Wrist 
Flexion Postures and three Grip Types  
 
Abstract:  
Performance and health issues are common in industry. On-the-job 
productivity gains related to good design, which could help justify ergonomics 
intervention, are often not considered.  More quantitative data are needed to 
model the discomfort/productivity relationship for upper limb activity in 
simulated repetitive assembly type work. Eighteen participants completed an 
experiment, simulating a repetitive upper limb task with force, posture, and 
grip type recorded as independent variables. Duty Cycle Time and discomfort 
were recorded as dependent variables. Participants performed eighteen 
experiment combinations (block designed around force); each treatment lasted 
35 minutes, including breaks. Analysis indicated a significant two way 
interaction between posture and grip type. Results from this experiment were 
used to model the effect of these variables on operator discomfort and 
performance.  
 
Practitioner Summary:  
Grip type, wrist posture, and exertion level can alter the effect of performance 
and discomfort in repetitive tasks. Careful consideration needs to be given to 
the choice of grip type in task design and its effects in conjunction with other 
risk factors such as level of force and awkward posture.  
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Introduction  
In the broadest sense, productivity is the measure of output per unit input. 
Productivity may be divided into three production element categories: labour 
productivity (production output volume/labour input volume), facility 
productivity (production output volume/facility input volume), and raw 
materials productivity (production output volume/raw-material input 
volume). To improve productivity, it is necessary to make production activities 
as efficient as possible (Salvendy, 1992). However, organisational pressures to 
increase output can result in increased mental and physical stress for the 
operator (De Looze et al., 2003). For example, when rest breaks are insufficient 
or poorly planned (Abu-Ali et al., 1996), or when tasks are poorly designed 
(Fagarasanu and Kumar, 2003), labour productivity is directly impacted. Actual 
productivity effects in relation to operator health may be expressed in terms of 
absenteeism and presenteeism. Absenteeism has been defined as “the number 
of days missed from work ” (Burton et al., 1999), or “the time missed from work 
due to health problems” (Boles et al., 2004).  Presenteeism is the complement of 
absenteeism. It is defined through the costs associated with productivity loss 
when the operator turns up to work, but does not engage in work as 
productively as their peers due to distractions related to health issues or social 
pressures. In other words, the operator is not working efficiently due to health 
issues and there are negative implications for labour productivity (Goetzel et 
al., 2004). The fact that the unhealthy operator cannot work as efficiently as 
their healthy counterpart implies reduced labour productivity, as the operator 
is unable to work at a normal rate and reach maximum/target output. As a 
result, overall industrial productivity may be compromised.   
 
It is the current authors’ experience that some workplaces increase pace and 
output targets for tasks to achieve productivity targets without considering the 
implications of task redesign for operator health. Increasing task performance 
through increased output per unit time increases the repetitive nature of a job, 
which potentially increases the risk of work-related Musculoskeletal Disorders 
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(MSDs). While increased rest breaks are often seen as a common cure, this 
philosophy goes against the current edict of industrial workplaces where, in a 
semi-automated environment, tasks involving the upper limb are machine-
paced, and time-intensive production is standardised (Escorpizo and Moore, 
2007). However there have been numerous reports of positive productivity 
improvements when ergonomics is applied during task design and redesign; a 
situation which is mutually beneficial for ergonomics and engineering. Hence 
there is a need for experimental data and work design guidance to help 
optimise productivity and safety for repetitive hand tasks (De Looze et al., 
2003).  
 
MSDs develop over time, often months and years as opposed to hours and 
days. Discomfort is regarded a precursor to MSDs in repetitive industrial work 
(Corlett and  Bishop, 1976). However, discomfort is tightly related to perception 
and may be influenced by factors such as emotion and fatigue which are not 
easily quantified. Three scenarios are expected for cases of work related 
musculoskeletal discomfort due to poor task design if the task is not improved: 
1) Symptoms in the form of discomfort escalate and the worker 
experiences full onset of injury. 
2) The symptoms continue in the form of daily discomfort but do not 
escalate to injury. 
3) The symptoms subside with time possibly through work hardening.  
 
In each of the three scenarios, the worker experiences presenteeisim where their 
functional capacity to perform their job is on some level compromised 
(Finneran and O’Sullivan 2010a; Meerding et al., 2005). To date, models used to 
represent the relationship between on-the-job productivity and discomfort have 
generally been qualitative in nature. There is a need for more quantitative data 
on the relationship between discomfort and productivity (Meerding et al., 
2005), where discomfort is considered a precursor to injury (Carey & Gallwey, 
2005).  
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A review of the literature conducted by the authors also highlighted that grip 
type is also an important risk factor for MSDs and operator performance 
(Finneran, 2010). Au and Keir (2007) and Potvin et al. (2000, 2006) noted that 
gripping tasks are common in industry, and in conjunction with other risk 
factors such as force and deviated wrist posture, lead to increased risk of injury 
and muscle activity.  These effects are often compounded by interaction with 
other risk factors, such as awkward posture and force (Cooney and Chao, 1977; 
Finneran and O’Sullivan, 2013).  
 
There are also practical concerns with a number of grip types being used in 
industry, with one or more being used in functional activities and work-related 
tasks (Pryce, 1980; Finneran, 2010). Task design generally dictates grip type, this 
is important due to the force-precision trade off, as a grip type becomes more 
precise it becomes less powerful (Wikstrom et al., 1991; Sperling et al., 1993). 
Wikstrom et al., also give examples of force values for power and precision grip 
types. For example, mean power grip for women and men are 300N and 500N 
respectively, compared to chuck pinch, which are 50N and 80N respectively. 
While there is a body of evidence in the ergonomics literature on effects of grip 
types on strength and fatigue (NIOSH, 1997; Kaljun and Dolšak, 2012) there are 
limited data on the effects of grip type on task performance.  
 
Previously published studies by the current authors involved psychophysical 
experiments investigating and modelling the relationship between physical risk 
factors (force, duration of exertion, posture and grip type) and operator 
performance, with discomfort as a mediator (Finneran and O’Sullivan 2010a 
and 2010b). The current experiment expands on those studies by studying the 
effects of grip type in conjunction with grip force and wrist posture on duty 
cycle time (as a measure of on-job productivity or presenteeism) in a simulated 
task. Duty Cycle Time represents the total effort duration divided by the cycle 
time (the total time to complete a task including rest breaks), as such, it 
represents the active or productive element of the cycle time (Potvin, 2012). Two 
hypotheses were tested. The first hypothesis is that grip type, wrist posture and 
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force affect task performance. The second hypothesis is that power and 
precision grips affect performance differently. 
 
 
 
2 Method  
2.1 Participants 
Eighteen participants (nine females, nine males) were involved in the study. 
Sixteen participants were right handed and two were left handed. The majority 
were students at the University of Limerick (twelve were students and the 
remaining six were junior lectures at the University). The mean age was 26.75 
years (SD= 3.01), mean stature 1.79 meters (SD=0.10) and mean body mass 81.47 
kg (SD=17.31). All participants were interviewed to ensure they had no history 
of MSDs. The University of Limerick Research Ethics Committee approved the 
experimental procedure. Participants were not paid for performing the 
experiment. 
 
2.2  Experiment Design  
The experiment involved repetitive upper limb exertions at three levels of force 
(10, 30 and 50% Maximum Voluntary Contraction (MVC)), two levels of posture 
for the wrist (neutral and 50% flexion) and three grip types (pulp pinch, chuck 
pinch and cylindrical power grip). Force levels were based on findings from 
Finneran and O’Sullivan (2010a), where there was a significant difference 
between the three levels of force (10, 30 and 50% MVC) investigated on both 
DCT and discomfort. Posture levels were based on previous experimentation 
conducted at the University of Limerick (Carey and Gallwey, 2002 & 2005) and 
Finneran and O’Sullivan (2010a), where a significant difference in terms of 
performance and discomfort was found between the effects of extreme flexion 
(50% ROM) and neutral wrist postures in repetitive tasks. The postures in the 
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Carey and Gallwey studies correspond approximately to Zones 2 and 3 defined 
by Drury (1987), where Zone 2 is a deviation of 25–50% of the ROM, and Zone 3 
is a deviation of greater than 50% of the ROM. Exertion duration was set at two 
seconds due to precision influences identified with exertion durations of one 
second (Finneran and O’Sullivan (2010a & b)). Initial cycle time was set at 5 
seconds so that DCT would be 40%. Models developed by Finneran and 
O’Sullivan (2010b) and Abu-ali et al. (1996) found that in high force conditions 
average maximum DCT was approximately 40%.  
 
If this experiment were full factorial, there would be eighteen treatments in 
total per participant. However, with treatments lasting 35 minutes including 
rest breaks, each session would have lasted 10.5 hours which was deemed 
unacceptable on ethical grounds.  Instead the experiment was block designed 
around the three levels of force with participants completing two treatments 
from each category of force i.e. participants performed six treatments in total 
and no two participants completed the same combination of treatments. 
Modified Latin Squares (Montgomery, 1991), a technique for the controlled 
assignment of orders to participants in experimental studies was used. Power 
analysis for ANOVA designed experiments was completed using the FPower 
program (Freeware, York University, Canada) to investigate the power of the 
sample size. The following information was inputted into the program: a (the 
number of levels of effect A) =3, b (the number of levels of all other factors 
crossed with effect A) =6, α (error level for effect size) =0.01, Δ (the minimum 
treatment level of difference)=1.25. For six participants the power is 0.988.   
 
2.3 Psychophysical Approach 
Exertion duration was set at a constant of two seconds and the starting cycle 
time was five seconds. The full treatment duration was 25 minutes. The 
participant Self-Paced Cycle Time (SPCT) during the first 20 minutes and the 
pace at 20 minutes was maintained for an additional five minutes. This 
  
8 
treatment duration was based on the work of Willis (1994) who also used the 
psychophysical approach in studying rates of work in a drilling task.  
 
Duty Cycle Time (DCT) (i.e. the active time within a work cycle) was calculated 
from Self-Paced Cycle Time and exertion period based on definitions and work 
by Moore and Wells (2005), Abu-Ali et al. (1996) and Finneran and O’Sullivan 
(2010a and 2010b). Discomfort was measured once per minute over the 25 
minute testing combination using a 100 mm Visual Analogue Scale (VAS). 
Anchors used were: No Discomfort, Moderate Discomfort and Extreme 
Discomfort as per Khan et al. (2010).   
2.4 Apparatus 
2.4.1 Experiment Rig 
A steel fixture with an electronic, digital grip force dynamometer attached to a 
hinge was fabricated in house in order to facilitate the setting of wrist posture, 
force exertion and grip type (the direction of the force meter could be alternated 
between vertical and horizontal) for each treatment (Figure 1, Figure 2, Figure 
3). It was possible to move and fix the rig to either side of the table to 
accommodate right and left handed users. For repeatability of the conditions, it 
was necessary to position the arm in the jig (Carey and Gallwey, 2002; 2005), 
and that strap restraints were used to retain the position. However, the strap 
maintained the position but did not compress the muscle. The entire fixture was 
attached to an adjustable height table and an adjustable height chair was used 
to adjust the upper arm posture. The main body of the fixture where the 
forearm rested was padded with a thin layer of cushioning to avoid elevated 
contact stresses. 
Figure 1 about here 
Figure 2 about here 
Figure 3 about here 
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2.4.2 Force and Posture 
An electronic digital grip force dynamometer (MIE Medical Research Ltd 
Digital Analyser, UK) was interfaced with the computer via RS232. A Penny 
and Giles electrogoniometer (Model SG65) was used to measure wrist position 
in flexion. Voltage readings were amplified and zeroed using a K100 amplifier 
and base unit. Penny and Giles Electrogoniometers were attached across the 
wrist joint in accordance with the manufacturer’s guidelines.  
 
2.4.3 Data Acquisition and Computer Interface 
Virtual Instruments (VIs) were written using G code in LabVIEW  (National 
Instruments®) V8.5 to control the experiment. A series of separate VIs were 
coded for each part of the experiment and loaded dynamically into memory. 
The force dynamometer signals were configured within LabVIEW and readings 
were displayed in real time on the visual display unit for the VIs (Figure 4).  
Figure 4 about here 
2.5 Procedure  
Participants were interviewed under the guidelines of the University of 
Limerick Ethics committee to ensure they fully read the experiment information 
sheet and that it was clear what the experiment involved. It was also explained 
that if at any time they wished to terminate the experiment they were free to do 
so. Participants also completed a questionnaire to ensure that they had no pre-
existing musculoskeletal conditions in the preceding twelve months. 
 
The participant was seated and the table height was adjusted so that the fixture 
height was at elbow level. The forearm was positioned and strapped in place 
with the centre of the wrist in line with the hinge of the fixture and the 
dynamometer aligned with the centre line of the participant’s forearm. MVCs 
for all three grip types were measured using a the grip dynamometer attached 
to a rig (Figure 1, Figure 2, Figure 3). Maximum Grip strength was recorded in 
line with the Caldwell regime (Caldwell, 1963) with the wrist neutral, forearm 
prone 90°, elbow flexed 90°, and the upper arm abducted at 0°. The participant 
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built up their maximum exertion in three seconds and held it for three seconds. 
Participants had a ten minute break between measurements for each grip type.  
 
 
Each posture and grip combination was set up for each treatment (i.e. grip type, 
posture and exertion level). Participants were instructed to watch the clock on 
the computer interface in front of them. For the first two seconds of each cycle 
they were to exert the force level indicated on the computer screen. The 
participant was informed that the remainder of the cycle time was rest time 
where no force would be exerted. It was explained that they could increase or 
decrease total cycle time using the up and down arrow key on the computer 
interface with the computer mouse using their non-dominant hand. It was also 
explained that increasing the cycle time would increase the rest time and vice 
versa. Participants were then given three minute practice sessions for each grip 
type (i.e. 9 minutes) in the use of the apparatus and task completion to gain 
familiarity with the task. 
 
The instructions given to participants for adjustment of cycle time were based 
on previous studies (Eksioglu (2006), Snook et al. (1992), Dahalan and 
Fernandez (1993) and Marley and Fernandez (1995)). Participants were 
instructed to perform the gripping task as productively as possible but without 
undue fatigue, considering an eight hour shift with regular rest breaks. 
Participants were told to manipulate the cycle time as much as desired for the 
first twenty minutes of a treatment but that after minute twenty they would 
have no further opportunity to manipulate or change the cycle time. From 
minute twenty to twenty five they would have to work at a steady state based 
on the rate of pace they had deemed acceptable at to the 20 minute time point 
(Figure 5). Participants were reminded at regular intervals (approximately 
every three minutes) to alter their pace if they required and also informed when 
they were approaching 20 minutes, the pace which would be used for steady 
state section of testing. This practice was conducted in previous 
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experimentation mentioned above to ensure participants altered their cycle time 
in line with experiment requirements.  
 
Discomfort was rated once per minute throughout the experiment on a Visual 
Analogue Scale (VAS) on the computer interface by the participant using the 
computer mouse. Participants were given at minimum ten minutes break 
between combinations or until they felt they had overcome the effects of fatigue 
from the previous experiment combinations; whichever was longest. 
Figure 5 about here 
2.6 Statistical Analysis  
The independent variables were force, posture, and grip type. The dependant 
variables were discomfort and self-selected DCT.  
Experiment combinations were block randomised using Latin Squares around 
the three experimental levels of force for each participant. Data transformations 
for normality were used on both DCT (square root arcsin) and discomfort 
(square root) data. Levene’s test for homogeneity of variance, Analysis of 
Variance, Observed Power (OP), Eta squared (η2) and the calculation of mean 
and standard deviation values were performed for the discomfort and DCT 
data. For the ANOVAs it was not possible to test all of the interaction effects 
due to limited degrees of freedom. Trend analysis was also conducted on the 
raw DCT and discomfort data. Paired sample t-tests were completed for each of 
the force block combinations for discomfort at 20 and 25 minutes to investigate 
if values had changed significantly between these two times. Interaction effects 
were investigated using ANOVA program syntax to compare simple effects 
using pairwise comparisons. Statistical Package for Social Sciences (SPSS) 
version 20 was used for this statistical analysis.  
 
Caveat - Both main and interaction significant effects are given in the data. This 
is done to give context to the reader for the trends observed in the data. 
However, these results should not be viewed in isolation as in an interaction 
effect changes in one main variable are dependent on changes in another.  
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3 Results 
3.1 Duty Cycle Time  
 
A square root arcsin transformation (P’ι = arsin√ Pι) was applied to the DCT data 
and the resultant transformed data were normally distributed and did not 
violate the assumption for homogeneity of variance (Levene’s test, p = 0.284) 
and so parametric tests were permissible. Analysis of variance was performed 
on the transformed DCT data for each of the main effects (force, posture, grip 
type, and participant) and the two-way and three-way interactions. Observed 
Power (OP) and Eta squared (η2) were calculated for each main effect and each 
interaction effect within the ANOVA. The results indicated that there  was also 
a significant two-way interaction for posture X grip type (p<0.001, OP =0.992, η2 
= 0.247).  There were also significant effects for force (p<0.001, OP= 0.99, η2 = 
0.234), posture (p<0.01, OP= 0.808, η2 = 0.118), grip type (p<0.01, OP = 0.897, η2 
= 0.143) and participant (p< 0.001, OP= 1, η2 = 0.716).  Pairwise analysis was 
used to investigate significant interaction effects of grip types across levels of 
posture. With α =0.05, there was a significant difference between neutral and 
flexed postures for chuck pinch (p=0.01), and for power grip (p=0.0001), but not 
for pulp pinch (p=0.57). 
 
Trend analysis was also completed on the raw data to investigate if the data 
followed expected patterns in line with increasing levels of force and more 
deviated postures and grip types. DCT means and standard deviations at 20 
minutes (raw and transformed) are shown in Table 1. Maximum DCT was for 
the combination, power grip, neutral posture and 10% MVC. The lowest level of 
DCT was for the combination chuck pinch, 50%, wrist flexed at 50% ROM and 
50% MVC. Average raw DCT values for force versus grip type showed a 
general decrease in DCT with increasing force for each of the three grip types. 
Figure 6 shows the average raw DCT values for posture versus grip type. An 
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interaction effect between posture and grip type is depicted where, for the 
neutral posture, DCT increases as the grip type become less precise. However, 
the effect is not as clear for the flexion posture as there is a slight decrease in 
DCT for the chuck pinch. Average raw DCT values for posture versus force 
showed there was a general decrease in DCT as force increased.  
Table 1 about here 
Figure 6 about here 
 
3.2 Discomfort at 20 and 25 minutes  
The square root transformation was applied to the data which did not violate 
the assumption of homogeneity of variances (p=0.482).  
 
Analysis of Variance was applied to the transformed discomfort data at 20 
minutes for each of the main effects. There was a significant two-way 
interaction between posture*grip type (p<0.001, OP =0.957, η2 = 0.188). There 
were also significant effects for force (p<0.001, OP =0.985, η2 = 0.223), grip type 
(p = 0.044, OP = 0.613, η2 = 0.82) and participant (p<0.00, OP =1, η2 = 0.818). 
Pairwise analysis was used to investigate significant interaction effects of grip 
types across levels of posture. With α =0.05, there was a significant difference 
between neutral and flexed postures for each of the pinch and grip types 
investigated. Specifically, for pulp pinch (p=0.028), chuck pinch (p=0.006), and 
for power grip (p=0.026).  
 
Trend analysis was also completed on the raw discomfort data at 20 and 25 
minutes. Mean and standard deviation values for raw discomfort at 20 and 25 
minutes (the trends were comparable) are presented in Table 2. The highest 
level of discomfort was for the combination chuck pinch, wrist posture 50% 
ROM flexion and 50% MVC (20 minutes: 3.32, 25 minutes: 3.27). This finding is 
in line with the DCT values where the lowest level of DCT (16.76%) was for the 
same combination. However, the lowest level of discomfort was for the 
combination chuck pinch, neutral wrist posture and 30% MVC (20 minutes: 
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0.57, 25 minutes: 0.78). The discomfort score for this combination was 0.1 lower 
(on a VAS of 0 to 10) than the score for the combination with the highest level of 
DCT at 20 minutes.  
 
Average raw discomfort at 20 minutes for force versus grip type showed that 
for all of the grip types there was a general increase in discomfort as the level of 
force increased. Average raw discomfort at 20 minutes for grip type versus 
posture is shown in Figure 7, discomfort was higher for the flexion wrist 
posture across all grip types, most notably for chuck pinch. An investigation of 
the relationship (using trend analysis) between posture and force for discomfort 
(raw data) at 20 minutes showed that discomfort increased with force and for 
30% MVC and 50% MVC the discomfort values in 50% ROM flexion were 
higher than neutral.  
 
Figure 7 about here 
Table 2 about here 
 
A paired sample t-test (alpha criterion set at 0.05) on the discomfort at 20 and 25 
minutes experiment was completed to assess whether the self-selected pace at 
20 minutes to investigate if participants had appropriately followed the 
psychophysical experiment instructions and adjusted their workload 
accordingly. The results showed that there was not a significant difference 
between discomfort at minutes 20 and 25 for combinations with 30% MVC 
(p=0.270) and 50%MVC (p= 0.365). However, there was a significant difference 
for treatment with 10% MVC (p=0.019). Closer investigation of the data 
revealed that 42% of participants had either decreased their discomfort or 
maintained it at the same level. For the remaining 58% of participants the 
average percentage increase in discomfort was 0.4 on a scale of 0 to 10 (a 4% 
increase).  
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4 Discussion  
This study was conducted to investigate two hypotheses. The first hypothesis 
was that grip type, wrist posture, and force affect task performance. The second 
hypothesis was that power and precision grips affect performance differently. 
 
In general, combinations with precision grips had lower levels of performance 
and higher levels of discomfort compared to the power grip combinations. 
Other studies have shown comparable findings. For example, Wartenberg et al. 
(2004) investigated the relationship between precision and speed in an assembly 
task and found that precision resulted in longer completion times per cycle. In 
an experiment quantifying precision and speed effects on muscular loading, 
Escorpizo and Moore (2007) found that precision increased loading in the 
forearm muscles and perceived task difficulty. Moreover, in the Escorpizo and 
Moore study higher percentages of rest time were required for the precision 
task and therefore there was less work time.  
 
The findings for Force were also comparable to other studies. As the level of 
force increased, performance level decreased for all grip types.  Other authors 
have found an interaction effect between higher levels of force and grip type. In 
an investigation of maximal acceptable forces for manual insertions using a 
pulp pinch, oblique grasp and finger press, Potvin et al. (2006) found that 
acceptable efforts decreased with increasing insertion frequency. As such, 
operators could not work as effectively when a higher force was required. In a 
meta-analysis of 69 work tasks (where both force and deviated postures were 
present) evaluated using psychophysical methodologies, Potvin (2011) found a 
negative exponential relationship between duty cycle and maximum voluntary 
exertions. 
 
In the current study there was a significant interaction effect of grip type by 
wrist posture on discomfort and performance. Smith et al. (1977) hypothesised 
that tension in the tendons during pinching compresses the median nerve 
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against the ligament and traumatises it during the course of repetitive actions. 
Data from cadavers were used to show that when the flexor tendons were 
contracted and the wrist was flexed the median nerve was compressed between 
the overlying tendons and the flexor digitorium profundus and the underlying 
flexor retinaculum. Tension in these tendons pressed the nerve against the 
retinaculum. The experimenters also noted that compression of the nerve 
increased with the magnitude of tension in the tendons and the degree of wrist 
flexion (Klein and Fernandez, 1997). In the design of repetitive tasks a NIOSH 
(1997) recommend that where possible power grips should be used over pinch 
grip. However, in this data set there were also significant differences between 
the pulp and chuck pinches in terms of discomfort and performance. This is 
interesting as the two grip types appear superficially very similar differing by 
just one finger and essentially capable of performing the same task. Finneran 
and O’Sullivan (2013) found that the two grip types had significantly different 
muscle activity and therefore different fatiguing effects.  
 
de Looze et al. (2005) used ratings of 3 on a scale of 0 - 10 as the criterion for 
intervention to adjust cycle times. If this criterion is applied to the discomfort 
data from this study all of the combinations except for the combination chuck 
pinch, 50% flexion and 50% MVC are deemed acceptable.  Discomfort for this 
combination was only marginally more (3.32) than the criterion by de Looze et 
al. (2005). Taking current guidelines into account this combination is 
particularly deleterious as it combines high levels of force, deviated posture and 
a pinch grip. A study by Hamberg-van Reenen et al. (2008) used a peak 
discomfort level of 2, which if applied to this data there is a reduction in the 
number of acceptable combinations in terms of grip type, as several precision 
grip combinations fall within this category. While the levels of discomfort vary 
for combinations within this study, they fall within acceptable limits and 
realistically mimic current guidelines. Discomfort is often cited as being 
symptomatic of MSDs, however risk form MSDs is not solely determined based 
on discomfort, there are several factors which influence their causation. For 
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example, Kumar (2001) cites genetic, anthropometric and psychobiological 
factors.   
 
 
While there was a change in discomfort ratings between 20 and 25 minutes, this 
difference was only significant for combinations with 10% MVC which may 
imply that participants did not accurately alter their performance for these low 
force treatments in line with discomfort, or that participants were less sensitive 
to discomfort changes at lower force levels. However, in 42% of these 
combinations there was a decrease in discomfort and the remaining average 
increase for the other combinations was only 0.4 or 4% on a scale of 0 to 10. In 
this sense the trends in the data should reflect the relationship in quantitative 
magnitude between discomfort and performance or be representative of the 
expected relationship we would expect to see and model.  
 
There were some unexpected findings in the data. In general there was an 
inverse relationship between the level of risk factor (force and posture) and 
performance with discomfort as a mediator. However, while the combination 
power grip, neutral wrist, and force 10% MVC had the highest performance 
(%DCT) at 20 minutes, it did not have the lowest level of discomfort. However, 
there was only a small increase (0.08) from minute 20 to 25 for this combination 
compared to the other combinations (pulp and chuck pinch) which had lower 
discomfort scores.  
 
There were also unexpected data trends for pulp pinch treatments. For 
example, the 50% flexion combinations DCT was marginally better for the 10% 
MVC and 50% MVC combinations for pulp pinch rather than power grip. 
However, the proportional increase for discomfort (time 20 minutes to 25 
minutes) was greater for these pulp pinch combinations compared to power 
grip. In fact for 50% flexed power grip combination at 50% MVC there was an 
average decrease of 0.14 in discomfort between time 20 and 25. As with the 
previous point, this may imply that participants in this study were more easily 
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able to adjust for better working conditions. It is plausible that this 
phenomenon may be observed in industrial settings. For example, Dababneh et 
al. (2001) noted that workers will endure a certain level of fatigue to protect 
their output level by investing more resources and working harder. Gooyers 
and Stevenson (2012) found that repetitive precision tasks may be mentally 
taxing for participants and fundamental movements may be exaggerated.  
 
For pulp pinch, two of the combinations (10% and 50% MVC) had higher % 
DCT and lower discomfort for conditions involving 50% Flexion compared to 
neutral. Participants may have found it easier to perform pulp pinch tasks using 
a deviated wrist posture. It has been shown previously that during a gripping 
task, the strongest wrist posture is not necessarily neutral but sometimes 
slightly deviated. Kattel et al. (1996) recorded higher grip MVCs for a slightly 
flexed wrist than neutral. Werremeyer and Cole (1997) note that activating the 
extrinsic finger flexors produces a wrist flexion moment during grasping in 
addition to grip force. Therefore, the finger flexors are recruited to maintain the 
desired wrist position. However, for the 30% MVC combinations with pulp 
pinch, DCT was higher and discomfort lower for the neutral wrist posture. In 
fact, discomfort decreased by 0.11 between time one and two for this 
combination, while for flexion it increased by 0.18. The pulp pinch 
combinations were the most precise of all of the combinations investigated. The 
level of accuracy required may have been compounded by the low level (10% 
MVC) requirements, which may have added to the mental and physical effort 
of the task. Participants needed to articulate their joints and exert a very low 
force in order to fall within the acceptable limits of the target presented on 
screen. This may imply that for this combination there was higher cognitive 
loading than for other combinations.  Finneran and O’Sullivan (2010a; 2013) 
found similar issues for low level force combinations. Due to the increased level 
of accuracy and mental effort required to perform the low force tasks, 
participants may have found it more difficult to accurately adjust their 
performance. Escorpizo and Moore (2007) have also noted that precision tasks 
increase loading in the forearm muscles as well as perceived task difficulty and 
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that this may have implications for both discomfort and performance. There 
may have been a change in the cognitive set up of the task where participants 
had to work at high and low force combinations. Participants may have found it 
easier to perform the task with a flexed wrist (Finneran and O’Sullivan, 2013). 
Rubio et al., (2004) noted that participants rated mental workload as higher in 
tasks that degraded their performance, which may have associated effects for 
forearm loading and discomfort.  
 
Analysis of the data indicated that the lowest level of DCT and highest level of 
discomfort were for combinations with 50% MVC. For the high precision pulp 
pinch participants may have found it difficult to complete a cognitive task 
(exerting a specific level of force and reaching a target) and adjust for higher 
levels of force. While issues associated with the performance of cognitive tasks 
have been investigated (Miyake, 1997), the effects of concurrent physical 
demands are not fully understood (DiDomenico and Nussbaum, 2011).   
 
4.1 Study Limitations  
Industrial based tasks often involve workers performing repetitive gripping 
and placing tasks while seated (Finneran, 2010; Au and Keir, 2007). Power grip 
is used specifically for tasks necessitating high levels of force, e.g. when holding 
a medium to large screwdriver or a hack saw (Strasser, 2007). Pinch grips are 
commonly used to grasp and manipulate components of varying size and 
weight during light assembly tasks in manufacturing (Snook et al., 1999). But 
tasks sometimes use a mix of grip types for different elements of task and this 
practice is not reflected in the currently simulated task.  
There is a high level of sedentary occupations that use computers for the full 
duration of their day and computerisation of tasks is increasing (US Census 
Bureau, 2009). Some computer work, especially occupation specific software 
packages such as CAD packages necessitate high precision arm/forearm 
movements. Mouse use in particular has been associated with high levels of 
static muscle activity and extreme postures (Karlqvist et al., 1994; Dennerlein 
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and Johnson, 2006; Burgess-Limerick et al., 1999). While the arm posture in the 
current task is not untypical of some forearm postures in computer work, the 
results of the current experiment are not transferable to computer work as they 
are based on a simulated assembly task. This is an important limitation. 
 
With forearm held in the air, the proximal muscle groups will be fired to 
maintain the balance, as such, the test setting might only be applied to work 
which requires sitting for the majority of the time. 
 
The durations of the treatments was 25 minutes. While considerably shorter 
than a full working day, it is longer than other psychophysical treatments of 
upper limb discomfort (Cary and Gallwey (2002, 2005), and Finneran and 
O’Sullivan (2010a)). While the analysis is focused on the between treatment 
effects, the actual tasks may not be representative of full day duration tasks in 
industry. Longer duration studies of this nature are necessary to explore the 
generalisability of these findings to industrial tasks.   
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5 Conclusions  
Grip type is an important factor to take into account in repetitive task design. 
Precision and power grips were found to affect performance differently. 
Precision tasks took longer to perform and there were higher levels of 
discomfort which may have been associated with more perceived task 
difficulty. More deleterious levels of force, posture and their interaction with 
grip type are important to take into account. However, it is also the case that 
slightly more deviated postures may make it easier to perform some gripping 
tasks, which should also be taken into consideration in task design. Attention 
should also be given to working conditions and operator perception of the task. 
Exaggerated mental effort from precision or poorly designed tasks may 
influence a worker to actively adjust or improve the task. More work is needed 
to fully understand concurrent physical and cognitive demands. Discomfort 
levels for this study fall within acceptable limits which implies that 
combinations used in this study may be used as a guideline reference for the 
design of repetitive industrial tasks.  
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Figure 1 Participant performing experiment (Power grip) 
 
 
Figure 2 Participant performing experiment (Chuck pinch) 
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Figure 3 Participant performing experiment (Pulp pinch) 
 
Figure 4  Interface for participants performing experiment 
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Figure 5 Illustration of a possible work pattern followed by participants 
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Figure 6 Raw DCT at 25 minutes (Grip Type*Posture) 
 
 
Figure 7 Raw Discomfort at 20 minutes (Grip Type*Posture) 
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Tables 
Table 1 Average cycle times and DCT (raw and transformed) with four 
combinations of wrist posture, force and grip type at 25 minutes 
 
Table 2 Raw and transformed discomfort scores at 20 and 25 minutes with by 
wrist posture, force and grip type 
  
32 
 
Table 1 Average cycle times and DCT (raw and transformed) with four combinations of wrist posture, force and grip 
type at 25 minutes 
Wrist 
posture Force Grip type 
Cycle Time 
20 minutes DCT(Raw)* DCT(Transformed)* 
50% Flexion 10%MVC Pulp pinch 8.2(5.17) 31.14(14.19) 58.23(16.12) 
  Chuck pinch 7.84(3.07) 28.45(9.21) 55.78(10.55) 
  Power grip 7.26(2.8) 30.74(10.46) 58.29(11.58) 
50% Flexion 30%MVC Pulp pinch 9.4(4.79) 24.39(7.64) 51.12(9.68) 
  Chuck pinch 11.35(4) 19.91(8.08) 45.66(9.88) 
  Power grip 10.4(7.53) 27.51(15.56) 53.76(18.22) 
 50%MVC Pulp pinch 10.63(7.45) 26.19(13.78) 52.36(16.62) 
  Chuck pinch 13.4(4.74) 16.76(6.44) 41.64(8.48) 
  Power grip 11.5(7.82) 24.68(13.84) 50.5(16.86) 
Neutral 10%MVC Pulp pinch 11.33(7.97) 25.33(13.77) 51.25(16.93) 
  Chuck pinch 8.5(5.09) 29.72(13.86) 56.7(15.74) 
  Power grip 5.17(2.59) 45.27(16.76) 73.45(17.55) 
Neutral 30%MVC Pulp pinch 9.83(5.35) 25.23(11.28) 51.69(13.57) 
  Chuck pinch 7.25(3.44) 33.7(15.86) 61.08(17.11) 
  Power grip 6(1.68) 35.38(9.18) 63.46(9.7) 
 50%MVC Pulp pinch 12.22(6.74) 19.51(7.36) 45.08(9.91) 
  Chuck pinch 10.1(3.65) 22.14(8.15) 48.46(9.76) 
  Power grip 7.25(2.45) 30.47(10.43) 58.02(11.4) 
* st.dev in brackets 
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Table 21 Raw and transformed discomfort scores at 20 and 25 minutes with by wrist posture, force and grip type 
Wrist posture Force Grip type 
Raw 
Discomfort 20 
minutes* 
Raw Discomfort 
25 minutes* 
50% Flexion 10%MVC Pulp pinch 0.72(0.87) 1.36(1.02) 
  Chuck pinch 1.95(1.95) 1.95(1.99) 
  Power grip 0.99(1.03) 1.03(1.17) 
50% Flexion 30%MVC Pulp pinch 2.29(1.9) 2.47(1.84) 
  Chuck pinch 2.81(1.89) 2.66(1.67) 
  Power grip 1.30(1.35) 1.62(1.69) 
 50%MVC Pulp pinch 2.19(1.77) 2.44(2.03) 
  Chuck pinch 3.32(1.94) 3.27(2.11) 
  Power grip 1.91(1.76) 1.77(2.10) 
Neutral 10%MVC Pulp pinch 1.44(1.27) 1.76(1.92) 
  Chuck pinch 2.18(1.74) 2.26(1.64) 
  Power grip 0.88(0.53) 0.96(0.73) 
Neutral 30%MVC Pulp pinch 1.13(1.31) 1.02(1.24) 
  Chuck pinch 0.57(0.50) 0.78(0.81) 
  Power grip 1.74(2.09) 1.79(2.25) 
 50%MVC Pulp pinch 2.21(2.23) 2.62(2.55) 
  Chuck pinch 1.87(1.63) 2.23(1.74) 
    Power grip 1.43(1.35) 1.50(1.60) 
*st. dev in brackets 
 
 
 
